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ABSTRACT

Introduction: Tennis is characterized by a large number of competitions and little recovery time
between them. Thus, tennis players and coaching staff have become interested in the role that
nutrition can play in maximizing sports performance. The scientific literature does not have
recent narrative and/or systematic reviews about to nutrition in tennis. The aim of this study is to
map, describe and discuss the state of the science of nutrition and dietetic practices for tennis
players from a theoretical and contextual point of view, to enable focused future systematic

reviews.

Material and methods: A narrative review through the Dialnet, Elsevier, Medline, Pubmed and
Web of Science databases, through a search strategy based on keywords separated by Boolean
connectors. A series of inclusion / exclusion criteria were applied to select those investigations

that responded to the aim of the work.

Results: Nutritional recommendations on carbohydrate intake depend on the training load, 5-7
g/kg/day g/kg/day for normal training and 7-10 g/kg/day for competitive periods or high
training load. The recommended protein intake is 1.8 g/kg/day and 1 g/kg/day of lipids. The
supplements that can optimize tennis performance are caffeine, sodium bicarbonate, creatine
and B-alanine. Beetroot juice can be a possible aid to consider in dietetic-nutritional planning in

tennis players.

Conclusions: Performance and health of tennis player can be optimized, as well as adequate

periodization of nutrients and supplements, meeting to the physiological demands of tennis.

Keywords: Tennis; Performance-Enhancing Substances; Diet, Food, and Nutrition; Dietary

Supplements; Sports.
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RESUMEN

Introduccién: El tenis se caracteriza por una gran cantidad de competiciones y escaso tiempo de
recuperacion entre ellas. Por ello, los jugadores y cuerpos técnicos han empezado a interesarse
por el papel que puede tener la nutricibn para maximizar el rendimiento deportivo. En la
literatura cientifica no encontramos revisiones narrativas y/o sisteméaticas actualizadas sobre
nutricién en el tenis. El objetivo de este estudio es mapear, describir y discutir el estado de la
ciencia de la nutricion y las préacticas dietéticas para tenistas desde un punto de vista tedrico y

contextual, para permitir futuras revisiones sistematicas.

Material y métodos: revisién narrativa a través las bases de datos Dialnet, Elsevier, Medline,
Pubmed y Web of Science, mediante una estrategia de busqueda basada en palabras clave
separados por conectores booleanos. Se aplicaron una serie de criterios de inclusion/exclusion

para seleccionar aquellas investigaciones que respondian al objetivo del trabajo.

Resultados: Las recomendaciones nutricionales sobre la ingesta de carbohidratos varian en
funcién de la carga del entrenamiento, siendo 5-7 g/kg/dia para entrenamiento normal y 7-10
g/kg/dia para periodos competitivos o de mayor carga. La ingesta recomendada de proteinas se

encuentra en 1,8 g/kg/dia y 1g/kg/dia de lipidos. Respecto a los suplementos que pueden

optimizar el rendimiento en tenis encontramos la cafeina, bicarbonato de sodio, creatina 'y [3-

alanina, siendo el zumo de remolacha una posible ayuda a contemplar en la planificacion

dietético-nutricional en tenistas.

Conclusiones: Es posible optimizar el rendimiento y la salud del tenista mediante una
periodizacion adecuada de nutrientes y suplementos, que cumplan las exigencias fisiol6gicas del

tenis.

Palabras clave: Tenis; Sustancias para Mejorar el Rendimiento; Nutricién, Alimentacion y Dieta;

Suplementos Dietéticos; Deportes.
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INTRODUCTION

Tennis is a racket sport in which two opponents face off against each other in matches of 3 or 5
sets on different types of playing surfaces such as grass, clay and hard®. Tennis competition is
characterized by alternating short bouts of high-intensity efforts with periods of moderate to low
intensity (active recovery) between points and rest during changeovers?. The mean point duration
(high-intensity exertion) is 4-10 seconds, with a recovery time (active recovery) of 20 seconds
between points during individual games and of about 90-120 seconds during changeovers and
between sets. Thus, the actual playing time during a match varies from 21 to 38.5% of the
match’s total duration®. Although tennis matches take an average of 90 minutes play* they can

last up to 5 hours?.

At the metabolic level, carbohydrates are the main energetic substrate when playing tennis>;
they are metabolized by both oxidative and non-oxidative processes (glycolysis), furthermore, the
high intensity and duration (4-10 seconds) of the points® make the high-energy phosphagen
system, which is the primary energy system in efforts lasting up to 6 seconds and of maximum
intensity an important contributor to energy metabolism® With regards to physical abilities, the
key is being able to maintain high levels of strength and power output over extended periods of
time’ combined with high levels of coordination and serve velocity®. Thus, the inability to produce
enough force to maintain powerful and precise strokes is considered to be the main limiting
factor of tennis performance®. Factors which may lead to strength/power losses and accuracy
when playing may include the depletion of phosphocreatine (PCr) and glycogen reserves,

hypoglycemia, central fatigue, a decrease in pH, dehydration and hyperthermia.

High intensities during each point (i.e. 4-7 seconds of maximum intensity) can partially deplete
the body’s phosphocreatine reserves'® PCr restoration rate consists of a first phase lasting 30
seconds in which ~50% of the PCr are replenished and a second phase of 3-5 minutes in which
PCr are nearly completely restored®, which leads one to believe that the time between points and
changeovers during tennis matches allow for continuous restoration of the PCr reserves.
However, it is possible that restoration is incomplete and, as a match or high-intensity training
session on the court progresses, significant PCr depletion occurs over time**. Just as with low PCr
reserves, limited muscle and liver glycogen reserves may become depleted during highly
demanding matches*?. The low bioavailability of glycogen affects tennis performance by making

it impossible to metabolize carbohydrates either by oxidative or non-oxidative processes®. One of
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the most obvious effects of the depletion of muscle glycogen reserves is hypoglycemia, a
symptomatology which occurs in 64% of athletes when playing sports2 Hypoglycemia decreases

both physical and mental performance and, in addition, is accompanied by catabolic processes**.

The decrease in blood glycemia is accompanied by an increase in the levels of free fatty acids in
the blood and in gluconeogenic processes®®, thus increasing the contribution of amino acids to
energy metabolism, with branched-chain amino acids (BCAA) being quantitatively more
important. The metabolic use of BCAA increases the tryptophan and BCAA ratio (which are bound
to albumin), resulting in an increase in free-tryptophan concentrations which, after crossing the
blood-brain barrier, becomes a precursor of serotonin'®, which results in an increase in the
subjective perception of effort or central fatigue. In numerous studies attempts to explain this
hypothesis of central fatigue produced by the displacement of free tryptophan. The BCAA can act
as a neurotransmitter per se, one of their functions being the reduction of fatigue. Another
function is related or to the sensitivity of the 5-HT receptor: trained athletes may develop a lower

sensitivity, which may contribute to an increase in exercise tolerance.

A decrease in pH has also been identified as a factor which limits tennis performance®. Activation
of glycolysis leads to an accumulation of H* ions, which leads to a progressive decrease in pH,
which increases to the extent that this metabolic pathway’s contribution to energy metabolism
increases®. Intramuscular H* accumulation leads to the inhibition of phosphofructokinase (PFK),
an enzyme which favors adenosine triphosphate (ATP) resynthesis through glycolysis and PCr.
Because the two critical requirements for muscle contraction are the presence of ATP and
calcium in myocyte sarcoplasm, the inhibition of phosphofructokinase caused by the increase in
H* decreases the rate of ATP delivery through the two systems® as well as causing an increase in
the subjective perception of the effort. So, considering the important contribution to the
glycolysis to metabolism®, as the duration of a match is increased, could set up a progressive

decrease in pH that could affect to the anaerobic metabolism.

During tennis competition, tennis players rate of dehydration can lead to losses of 0.5-2.7% of
his/her body weight per hour of play®’. This rate of sweating led to set up of body weight loss
to >2% that is the value which sport performance is affecting and must be avoided by a correct
fluid intake'®. This implies that tennis players may experience dehydration, another factor linked
to limit tennis performance®. A decrease in body fluids causes a reduction in cardiac output,

resulting in an increase in heart rate at a given workout intensity as well as an increase in
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glycolysis®, which, in turn results in a greater decrease in pH, another factor that limits
performance®. Moreover, dehydration causes muscle cramps®®, in addition to decreased
thermoregulatory capacity, a significant increase in plasma concentrations of catecholamines,
ADH, renin, cortisol, adrenocorticotropic hormone, aldosterone, angiotensin, and the natriuretic
atrial peptide'®?°. In fact, dehydration is associated with the degree of dehydration of an athlete,
with the duration of matches®, opportunities for the ingestion of fluid during competition and/or
a lack of knowledge regarding the nutritional requirements of and fluid consumption by athletes.
The inadequate intake of liquid or electrolytes influences the development of dehydration, which
is sometimes followed by hyponatremia associated with exercise (EAH), due to excessive hypo-
osmotic fluid replacement??, Since internal temperatures above 40 °C can be life-threatening
and accelerate the feeling of fatigue, the nervous system sends out neurological signals aimed at

getting the athlete to cease exertion, thus limiting performance®.

Dietary intake alters adaptations to exercise and training programs®*?®, Thus, an adequate
selection of nutrients and supplements which takes into account ingestion time in relation to the
exercise improves athletes’ performance, as well as their state of health?® and may represent one

of the most important factors in the prevention of, and the recovery from, sports injuries*.

According to Maughan?®®, dietary intervention in athletes should take in account the performance-
limiting factors of each sport modality as a first step towards establishing nutritional goals which
take into account said performance-limiting factors and, subsequently, designing strategies
aimed at achieving those goals. Practical nutritional recommendations for this sport were
established in 2013%, but currently, the scientific literature related to nutrition in tennis does not

have recent narrative and / or systematic reviews that address this issue.

The aim of this review is to describe and discuss the state of the knowledge of nutrition and
dietetic practices for tennis players from a theoretical and contextual point of view, to enable

focused future systematic reviews in some subtopics.
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MATERIAL AND METHODS

This narrative review was conducted through a combined English and Spanish language search
in the following databases: Dialnet, Elsevier, Medline, Sport Discus, Pubmed, Web of Knowledge
and Web of Science. For the search process, terms found in the thesaurus “Medical Subject
Headings"” (MeSH), developed by the U.S. National Library of Medicine, were used. The terms used
in the search were “tennis” and “racket sport” combined with “nutrition”, “sport nutrition”,
“ergogenic aids and supplementation”. Also, relevant references related to the topic of the

selected articles were searched for manually.

Although the manuscript is a narrative review, the process of articles selection published in
Spanish, English or Portuguese was based on PICOS criteria. So, two authors independently
performed the search and applied the next inclusion criteria based on PICOS: population (sample
or topic -for reviews- based on tennis players), intervention (nutritional intervention, including
sport supplements ingestion), comparison (in the randomized controlled trial to compare with a
control condition), outcomes (analyze physical performance and/or biochemical parameters) and
settings (randomized controlled studies and specific reviews of the topic). Before redacting the
results and discussion sections, two authors performed a summary of each articles were
registered the characteristics of the sample, the type of nutritional intervention, the tests of sport
performance or biochemical parameters analyzed and the main results being all these data

included in the results and discussion section.
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RESULTS AND DISCUSSION

Energy Intake

One of the main objectives of athlete nutrition is to optimize performance, which lies in its
contribution to an adequate energy intake where energy contribution is equal to energy
expenditure?*. This is important due to the fact that hypocaloric intake adversely affects levels of
lean mass and, in the case of women, has been associated with possible changes in menstrual
function and osteopenia®’. For this reason, it is important to adjust the energy content of an
athlete’s diet based on the load of the different training periods and the duration and demands
of a tennis match, taking into account that the estimated energy expenditure per hour of play in
male athletes is 649+105 kcal/h, while in women, the estimated energy is considerably lower®. In
addition to energy content and macronutrients, which will be discussed later, it is important that
a tennis player’s diet meet the daily intake requirements for all vitamins and minerals® (Figure

1),
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Figure 1. Recommendation of macronutrients during training/competitions in tennis.
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Carbohydrates

Carbohydrates, together with phosphocreatine, are considered to be the main energetic
substrate when playing tennis®. During a tennis match, hypoglycemia and depletion of muscle
glycogen reserves can be established'?. A high-carbohydrate diet permits the replenishment of
muscle glycogen reserves® and may prevent hypoglycemia'®?8, a performance-limiting factor in
tennis which has a prevalence of ~64%*2, thus maintaining immune system health and avoiding

overtraining®.

During training periods characterized by high loads, tennis players spend about 4-6 hours a day
training®. It has been established that players should have a carbohydrate intake of 7-10
g/kg/day during high-intensity training periods and tournaments, reducing their daily intake
requirements to 5-7 g/kg/day during regular training periods®. However, in addition to the
amount of carbohydrates ingested, the distribution of carbohydrate intake in relation to exertion

is of great importance.

The pre-exercise recommendation is that the required carbohydrates be ingested prior to
exertion, although nutrient intake should be avoided within 45 minutes prior to playing tennis?°.
This recommendation is due to the fact that carbohydrate intake just before exercise, either in
liquid or solid form, results in a sudden and disproportionate increase in blood glucose
concentrations which precede a decrease in the same due to excessive insulin production which
leads to rebound hypoglycemia®?. However recently Jeunkendrep et al.*° reported contradictory

findings to the approach.

Although some studies have found that a diet with a high carbohydrate content (65% of energy
intake) is sufficient to avoid the onset of hypoglycemia®!, other studies have found that
carbohydrate intake during exercise shows higher levels of blood glucose'**. With regards to the
effects on performance, one study has verified that carbohydrate intake while playing tennis does
not affect parameters like the number of games won, aces served, efficacy during the game, the
number of double faults, or faults on the first or second service®>. However, other studies have
reported a lower number of first-service faults?®, a greater effectiveness in hitting the ball during
the final phase of a 2-hour workout and a higher level of intensity and lower perception of fatigue
during a series of 3 matches®, thus maintaining immune system health and avoiding

overtraining®.

During periods with a high training load, tennis players spend about 4-6 hours a day training®. It

has been established that players should have a carbohydrate intake of 7-10 g/kg/day during
10
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high-intensity training periods and tournaments, reducing their daily intake requirements to 5-7
g/kg/day during regular training periods®. However, in addition to the amount of carbohydrates
ingested, the distribution of carbohydrate intake in relation to exertion is of great importance.

The pre-exercise recommendation is that the required carbohydrates be ingested prior to
exertion, although nutrient intake should be avoided within 45 minutes prior to playing tennis?°.
This recommendation is due to the fact that carbohydrate intake just before exercise, either in
liquid or solid form, results in a sudden and disproportionate increase in blood glucose
concentrations which precede a decrease in the same due to excessive insulin production which
leads to rebound hypoglycemia®®. However recently Jeukendrup et al.*° reported contradictory

findings to the approach.

Although some studies have found that a diet with a high carbohydrate content (65% of energy
intake) is sufficient to avoid the onset of hypoglycemia®, other studies have found that
carbohydrate intake during exercise shows higher levels of blood glucose®**. With regards to the
effects on performance, one study has verified that carbohydrate intake while playing tennis does
not affect parameters like the number of games won, aces served, efficacy during the game, the
number of double faults, or faults on the first or second service®. However, other studies have
reported a lower number of first-service faults, a greater effectiveness in hitting the ball during
the final phase of a 2-hour workout and a higher level of intensity and lower perception of fatigue

during a series of 3 matches®.

In cases where carbohydrates are ingested during tennis training/competitions?®*!, as greater
sustained intensity®', which may be due to a delay in the depletion of muscle glycogen reserves
as well as a higher oxidation rate of exogenous carbohydrates® The stimulation of carbohydrate
metabolism while eating carbohydrates during exercise®!, coincides with a smaller increase in
cortisol levels during exercise®. The efficacy of carbohydrates in reducing the cortisol response
attenuates the increase of free fatty acids in blood as well as the metabolic use of amino acids,

and the metabolic actions of cortisol, thus avoiding the onset of central fatigue'®.

A good type of carbohydrate to use during exercise could be a solid form added to sports drinks.
With respect to this, a meta-analysis has shown that beverages with a 6-8% carbohydrate
concentration improve endurance-related performance®. In any case, the maximum
carbohydrate intake which can be ingested while playing sports is determined by the maximum
absorption rate of the glucose (1.1 g/min) and fructose (0.6 g/min) (90 g/h) of carbohydrates

provided that a 2:1 ratio between glucose and fructose is maintained®.
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At the end of exercise, the glycogen resynthesis rate is higher increasing replenishment to a
greater extent when carbohydrates with a high glycemic index are ingested versus when
carbohydrates with a low glycemic index are ingested®. Thus, a carbohydrate intake of 1.5 g/kg

is recommended, especially during periods of high training load and in tournaments®’,

Proteins

Maintaining lean mass requires a nitrogen balance in which the rate of protein synthesis is equal
to the degradation rate. Protein contribution to energy metabolism ranges from 1-1,5%%.
However, in tennis players, protein requirements may be higher because the metabolic
contribution of the same increases when glycogen reserves decrease®. It may be inferred that
the protein intake requirements would be higher due to the fact that muscle glycogen reserves
may be depleted during tennis matches*?. Moreover, because strength and power training is a
factor in tennis performance®, tennis players include strength training sessions in their training

programs; therefore, protein requirements also increase.

Protein intake recommendations often distinguish between resistance and strength modalities.
The daily protein requirements for tennis have been set at 1.8 g/kg/day because tennis
possesses characteristics of both types of modalities®. However, when proteins are ingested, as
well as their co-ingestion with other nutrients, appears to be just as important as the amount of

proteins ingested?®.

Protein intake at the end of exercise promotes the synthesis of new muscle proteins and a
positive nitrogen balance, as well as mitochondrial adaptations and increased glycogen
resynthesis capacity®. However, the anabolic effects of protein intake, which are associated with
serum leucine concentrations and leucine thresholds at which synthesis of myofibrillar protein
increases®, are dependent on the quality and quantity of the protein source®. The leucine
threshold would be reached with an intake of ~0.3 g/kg of protein of high biological value®.
Which should be the recommended post-exercise protein intake, in addition to the recommended
post-exercise carbohydrate intake®.

Lipids

Due to the high-intensity exertion characteristic of tennis®” which makes fat contribution to
metabolism unimportant, intramuscular triglycerides are an important energy source in long-
duration exercise which may provide a considerable metabolic contribution during recovery

periods®®. Furthermore, a fat-deficient diet makes it difficult to meet the body’s intake
12
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requirements for essential fatty acids and fat-soluble vitamins in addition to being associated
with the appearance of injuries in athletes of different sports modalities®”. For this reason, the
recommended daily intake of lipids for tennis players is 1-1.5 g/kg/day®, establishing a range of
20-35% of energy intake**%,

With regards to omega-3 fatty acids, because they are involved in cognitive function, their
supplementation has been shown to improve performance, assessed whether an omega-3
supplement of 670 mg/day would improve performance in a tennis skill test*. This study found
that, in the population studied (pediatric population), omega-3 supplementation enhanced the
improvements even though, upon analysis, the DHA content of the diet was <0.3 g/day. Because
experienced tennis players present an automated technique, having passed the learning and
technique acquisition stage, a diet with a lipid profile that is rich in unsaturated fatty acids and
which contains nutritional sources which have high omega-3 contents, like blue fish, should be

recomended®’,

Hydration

Tennis dehydration rate which has been situated between 0.5-2.7% of body mass per hour of
play*’. Dehydration equivalent to a loss of 1.5-2% of body weight is considered to be sufficient to
decrease physical performance*®. For this reason, high sweating rates when playing tennis mean
that inadequate water intake leads to dehydration, which acts as a performance-limiting factor®:,
The first objective for a tennis player is to begin play with an adequate state of hydration. To
meet this objective, athletes should follow general hydration guidelines, which recommend the
intake of 5-7 mL/kg of fluids in the 4 hours prior to playing, to which an additional 3-5 mL/kg
should be added in cases of dark-colored urine or no urine output® While playing, one should try
to maintain a stable body weight because, when the thirst stimulus appears, the body has
already lost 1.5 L of its water'*, and performance may have already been reduced®®. An intake of
~200 mL per changeover is recommended in environments with a temperature < 27 °C,
increasing intake up to 400 mL per changeover in humid conditions and in cases where the
ambient temperature exceeds 27 °C**. One of the supplements more utilized the tennis player is
the sports drinks*’. When finished exercising, one of an athlete’s nutritional goals should be to
return to a properly hydrated state as quickly as possible. It is recommended that 150% of the

amount of fluids lost during exercise be ingested**'.
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Ergogenic Aids

Sports supplementation, which is understood as additional support to normal nutrition, has been
proposed as being effective in improving athletes’ recovery and training capacity”. In addition,
certain nutritional supplements, called nutritional ergogenic aids, must be considered because
they canimprove sports performance* including tennis performance (Table 1), although there is
still controversy over with the possible ergogenic effects of some substances, such as beetroot

juice.
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Table 1. Ergogenic aids and effects in tennis.

Ergogenic aid

Effects

Dose

Recommendations

Caffeine®#?

Stimulator of the central
nervous system (CNS), enhance
muscle contractility, recruitment
of motor units, reduction of
subjective perception of effort
and improvement of
thermoregulation.

3 mg/kg one hour
before competition

During
competitions

Creatine®*

Improvement of PCr resynthesis,
regulation of acid-base balance
and membrane stabilization.

3 g/day at least 4
weeks before of the
event

Periods with high
training loads and
competitions

Sodium
Bicarbonate?*#

Regulator of acid-base balance
at extracellular level.

500 mg/kg 180
minutes before
competition/training

High-intensity
trainings
competitions

and

pB-alanine®’°

Regulator of acid-base balance
at the intracellular level and
improvement of muscle
contraction.

64 g/day in 4-8
doses de 0.8-1.6 gat
3 hours intervals

Periods with high
training loads and
competitions
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Caffeine

Caffeine is an alkaloid of the methylated xanthine family and an adenosine receptor antagonist,
which can be found in many of the typical Western diet foods like tea, coffee or cocoa. Caffeine’s
main effect on performance is its effects on central nervous system stimulation by adenosine
antagonism and, although it also serves to increase motor unit recruitment*®, and improving

thermoregulation®’.

In tennis, supplementation with a dose of 3 mg/kg of caffeine has been shown to be effective at
maintaining serve speed in the final stretch of a simulated match® and reducing the subjective
perception of effort during an extended match®. In addition, in another racket sport, such as
badminton, supplementation with 3 mg/kg of caffeine has been shown to increase jump height
in both squat-jumps (SJ) and countermovement-jumps (CMJ) and increase performance in an
agility test*®. In badminton, it has also been shown that supplementation with 4 mg/kg of
caffeine together with carbohydrates (7 mL/kg of drink with 6.4% of carbohydrates) improves
long and short serve accuracy after a 33-minute protocol designed to create fatigue*. Caffeine
absorption processes are rapid, with high serum levels at 30-45 minutes post-ingestion and peak
levels after 1 hour*. Although the effects of caffeine supplementation increase as the
supplemental dose increases, there is a plateau effect from 3 to 9 mg/kg of caffeine*. In In order
to maintain the highest possible serum levels during a match, a caffeine intake of 3 mg/kg in the
hour before the start of a match is necessary, incorporating an additional 1 mg/kg per hour of
match duration*?. An excessive consumption of caffeine 9 mg/kg BM) can increase the risk of
negative side effects: nausea, anxiety, insomnia, restlessness, diarrhea, headache and lack of
concentration®. Lower caffeine doses, variations in the timing of intake before and/or during

exercise should be trialled in training prior to competition use™".

Creatine

Creatine is an amino acid synthesized from arginine, glycine and methionine, although, it can
also be obtained through diet, primarily by consuming meat products, fish and eggs®. It is
estimated that 50% of daily creatine requirement of 2 g per day comes from endogenous
synthesis and the remaining half from dietary intake*. The main function of creatine is related to
the rapid resynthesis capacity of phosphocreatine®, although it has also been shown to act as a

buffer in acid-base balance regulation®,

In any case, creatine monohydrate supplementation has been shown to be effective in high-

intensity, short-duration and intermittent sports, so, despite the lack of ergogenic effects in the

16

Estaobraestabajo unalicenciade Creative Commons Reconocimiento-NoComercial-Compartirlgual 4.0 Internacional
This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

tennis filed it has been proposed that®, creatine supplementation may be considered an
ergogenic aid of potential use in tennis due to the sport’s repeated high-intensity rest-exercise
transitions®. Because a long-term creatine intake of 3 g/day has the same effects on
intramuscular creatine levels as protocols that begin with a loading phase during the first few
days*, this 3 g/day supplementation could be considered adequate®’. Recent research has
indicated no negative health effects are noted with long-term use (up to 4 years) of creatine when
appropriate loading protocols are followed?*. Future studies should be developed with creatine

ingestion in the tennis field, specially studying the effects of creatine in match-play demands.

Sodium Bicarbonate (SB)

Sodium bicarbonate is the main acceptor of H* from glycolysis produced during exercise®. SB
supplementation increases sodium bicarbonate levels and blood pH®®, favoring the flow of lactate
and H' to the systemic circulation®®, permitting attenuation of the decrease in intramuscular pH;

a limiting factor of performance®.

A single study that evaluated the effect of SB supplementation on a simulated tennis match
found that, at the end of exercise, lactate concentrations were higher (implying a greater
contribution of glycolytic metabolism to exercise) without an increase in the subjective perception
of effort®”. In addition, that study reported a lower percentage of service errors, as well as
significant improvements when combining forehand and backhand shots. These results, together
with other studies which have reported ergogenic effects of SB in other types of exertion
including intermittent high-intensity exercise and long-duration exercise of submaximal

intensity>”® could make SB an ergogenic supplement for tennis*®,

Due to the relatively high prevalence of side effects and the fact that recommended SB intake
has been established at 200-400 mg/kg®* consumed 60-150 min prior to exercise, doses of 300
mg/kg are often used. However, research has shown that a 500 mg/kg SB supplement has a
significantly greater effect, at leastin a 30-second maximum-intensity test on a cycle ergometer
performed by judokas*, but this effect is likely does not apply in tennis. In spite of this, instead of
decreasing the supplemental dose, an alternative is to use sodium citrate, a supplement with
effects similar to SB but with reduced gastrointestinal discomfort, main adverse effects of this
ergogenic aids®. Because sodium citrate supplementation raises the pH peak in blood at 180-
215 minutes and its side effects occur at 65-95 minutes post-ingestion respectively, it is

recommended that sodium citrate be administered in the 3 hours prior to exercise*.
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B-alanine (BA)

The aim of BA supplementation is to increase synthesis of carnosine, a dipeptide formed by BA
and histidine which is limited by the amount of BA in the diet®”. The main function of carnosine is
related to pH regulation, being the main protein with an intracellular buffer effect, in addition to
improving muscle contraction through an improvement in the calcium uptake and re-uptake
processes in the sarcoplasmic reticulum®. BA supplementation is effective in speed tests®? in
strength and endurance tests®®. Moreover, BA supplements have been shown to potentially
enhance the effects of SB supplements, with a combination of the two improving performance to
a greater extent than intake of each one separately®®. Despite the absence of tennis-specific
studies, BA supplementation could improve performance because of the intermittent dynamics of
the sport*. The main adverse effect of BA  supplementation is paresthesia®. The
symptomatology of paresthesia originates from an increase in BA levels in the blood. This
symptomatology, which appears at doses above 10 mg/kg, is proportional to the levels of BA in
the blood®. Because BA levels in the blood normalize at 3 hours post-ingestion, it is
recommended that the ergogenic dose of BA (4.8-6.4 g/day) be divided into four to eight 0.8-1.6

g/day partial doses taken with a 3-hour period in between each partial dose®.
Beetroot juice (BJ)

BJ is a supplement containing high amounts of inorganic nitrate (NO3-) and is used in sports
because of its ability to raise nitric oxide (NO) levels. Approximately 25% of NO3- is reduced to
nitrite (NO2-) in the oral cavity by NO3- reductase, which is present in microorganisms found
there®. The NO2- is partially reduced to NO by the action of stomach acids, which is subsequently
absorbed in the intestines, in addition, part of the NO2- goes to the systemic circulation where it

is converted to NO in situations of hypoxia®.

NO has many physiological functions such as vasodilatation, increasing blood flow at the
muscular level, improving the gas exchange processes in muscle fiber, stimulating gene
expression, as well as increasing biogenesis and mitochondrial efficiency®®. All these physiological
effects allow BJ supplementation to improve performance in endurance and high-intensity
modalities® 8, However, several studies have reported ergogenic effects of BJ supplementation
on performance in resistance training®® or intermittent high-intensity exercise®. In the recent
study the BJ supplementation, no effect of performance the tennis players after a single dose of

70 mL of BJ, but was observed a trend to statistical differences in an agility test (p=0.071) and an
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isometric handgrip strength (p=0.069)°. So, considering that in a study was reported an
ergogenic effect of BF after a single dose of 140 mL and 280 mL, but not after 70 mL’"* while
another studies have observed ergogenic effect after a chronic supplementation (14’2 - 28" days),
suggesting select chronic doses with at least 140 mL of BJ for have possible ergogenic effect of
this supplement. In addition, attending to the peak levels of NO, in the blood occur 2-3 hours
after ingesting BJ, with the ergogenic effects of BJ supplementation observed from 150 minutes
post-ingestion’, the timing correct must be around 150 minutes before exercise Nevertheless,

actually the ergogenic effect of BJ supplementation on tennis must be taken with caution.

CONCLUSIONS

Due to the physiological demands of tennis, players have specific macronutrient requirements. As
a result, carbohydrate intake should rise to 7-10 g/kg/day during periods with a high training
load and tournaments versus 5-7 g/kg/day during periods of normal training. Furthermore, daily
protein intake should be 1.8 g/kg/day and lipid intake should be 1 g/kg/day (not exceeding 35%
of energy intake). The nutrition professionals must take into account the nutritional quality of
food and supplements in the dietetic-nutritional planning for tennis players. It is also important
to remember that the proper timing and dosing of caffeine, creatine, sodium bicarbonate and BA
supplements may optimize performance in this sporting modality. Furthermore, the adverse
effects of ergogenic aids must also be taken into account to the dietetic-nutritional planning. This
review provides an update about the optimal amount and timing of fluid, carbohydrate, fat,
protein and supplements intake in tennis players at different in training sessions or competitions.
The authors provide an approximation of standardized, valid and reliable tennis-specific
protocols. Despite the popularity of tennis worldwide, there is little scientific literature on this
sport. Future research should investigate the dietary intake and effect of supplements, as
beetroot juice, in professional and recreational tennis players, in addition to establishing specific

protocols based on evidence of supplements.
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